[Abstract] Isolation of pure RNA is the basic requisite for most molecular biology work. Plants contain polyphenols and polysaccharides, which can interfere with isolation of pure RNA from them. Especially hardwood tree species like Paulownia elongata have surplus amount of RNA-binding alkaloids, proteins and secondary metabolites that can further complicate the process of RNA extraction. Paulownia elongata is a fast-growing tree species which is known for its role in environmental adaptability and biofuel research. Here we describe an economical, efficient and time-saving method (2 h) to extract RNA from leaf tissues of the tree Paulownia elongata. Lack of DNA contamination and good RNA integrity were confirmed using RNA Gel electrophoresis. The purity of RNA was confirmed using Nanodrop spectrophotometer that revealed an A260:A280 ratio of about 2.0. The purified RNA was successfully used in the downstream applications such as RT-PCR (Reverse Transcription PCR) and qPCR (quantitative PCR). This method could be used for RNA extraction from several other recalcitrant tree species.
www.bio-protocol.org/e2925 yield a good amount of RNA (data not shown) from P. elongata leaves, and this could be due to the fact that spin columns efficiency decreases in the presence of alkaloids (Ouyang et al., 2014) . CTAB (cetyltrimethyl ammonium bromide) based methods are spin-column free but are time-consuming (Ouyang et al., 2014) . Thus, we combined the Trizol (Invitrogen TM ) extraction method and spin-column based purification method in our protocol.
In our study we extracted high quantity RNA using a modified Trizol (Invitrogen TM ) method. The quality of RNA was improved by using RNA Clean and Concentrator Kit (ZYMO RESEARCH, USA) with modifications. The RNA yield was measured using Nanodrop spectrophotometer (Figure 1 ). The
Nanodrop measurement peaks can also analyze the presence of phenols or polysaccharides in the sample. In our study, the peak indicated that the RNA was free from phenol or polysaccharide contamination ( Figure 1 ). The integrity of the RNA was further affirmed by running an RNA gel (Formaldehyde free RNA gel kit, Amresco, USA). The gel revealed that the RNA extracted using our method was free from genomic DNA contamination. Clear 28S and 18S rRNA bands were observed ( Figure 2) . The RNA was then successfully used in downstream applications like RT-PCR and qPCR which amplified the ubiquitin gene ( Figures 3 and 4) . In RT-PCR, we used cDNA synthesized from our P. elongata RNA as the template. The cDNA was amplified using ubiquitin qPCR primers. The ubiquitin primers used in the study are as follows: 
Tip: Snap freezing works better than crushing the leaves directly in liquid nitrogen.
3. Grind the frozen leaves in the presence of 1 ml of Trizol using a mortar and pestle (not necessary to be cold) and transfer to a nuclease-free microfuge tube using a pipette.
Note: This step should be performed inside a fume hood. 11. Centrifuge the mix for 10 min at 12,000 x g at 4 °C.
12. RNA can be seen as a small white pellet at the bottom of the tube. 1. Add 80 μl of RNA binding buffer to the RNA (see above) and gently mix it using pipette tip.
2.
Then add 120 μl of 100% ethanol to the tube followed by gentle mixing.
3. Transfer the RNA sample to a Zymospin column in a collection tube and spin at 12,000 x g for 30 sec at 4 °C. 4 . Wash the column with 400 μl of RNA wash buffer by spinning at 12,000 x g for 30 sec at 4 °C.
The flow-through will be discarded. 
Tip: Longer incubation times do not improve purity.
7. Add about 400 μl of RNA Prep buffer (or RNA Pre-Wash Buffer) to the column and spin at 12,000
x g for 30 sec at 4 °C. Then discard the flow through.
8. Wash the column again twice using 400 μl of RNA Wash buffer like Step B4.
9. Spin the column (without adding any reagents) for 2 min to remove the residual ethanol.
10. Finally, transfer the column to a new nuclease-free microfuge tube.
11. Add about 20 μl of nuclease-free water to the column and incubate for 2 min at RT. Collect the flow through after spinning for 2 min at 12,000 x g at 4 °C.
12. Pipette out the flow through and add it to the column again.
13. Incubate the column for 2 min at RT and collect the pure RNA after spinning for 2 min at 12,000
x g at 4 °C.
Data analysis
A. RNA measurement: The concentration of extracted RNA was measured using a Nanodrop spectrophotometer. Four biological replicates were used. The spectrophotometric images (Figure 1) showed that the RNA we extracted was of high yield starting from 240 ng. Pure RNA is considered to have an A260:A280 ratio between 1.8 and 2.2 (Ouyang et al., 2014) . Since our RNA had ratios of Copyright 
RNA integrity:
The RNA integrity was assessed by running an RNA gel. The RNA samples extracted without following our purification procedure was compared to RNA samples extracted following our modified protocol. About 5 μl of each RNA sample was loaded onto each well. The RNA gel revealed clear, distinct 18S and 28S ribosomal RNA bands for samples obtained using our protocol (Figure 2 ). The RNA samples obtained with other methods had smears indicating that there is genomic DNA contamination.
B. Conclusion
In our study, we developed a protocol for efficient isolation of high-quality RNA from the leaves of a recalcitrant tree species P. elongata. Traditional methods that use CTAB or spin columns were not able to produce this quality of RNA with high yield (data not shown), due to the presence of high amount of alkaloids and proteins in the leaves of P. elongata. The method we developed is rapid (2 h), universal and high yielding. We believe that this method could be used for RNA isolation from various recalcitrant plant species.
